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(54) Title: DEVICE AND APPARATUS FOR CONDUCTING AN ASSAY 
(57) Abstract 

The present invention relates to an ap- 
paratus, instrument and device for conduct- 
ing an assay. More particularly, it relates 
to a device suitable for use in assaying ana- 
lytes, for example glycated proteins in bio- 
logical samples such as, for example, blood. 
In particular it relates to an apparatus, for 
use in an assay in which a sample is pre- 
sented to an instrument, comprising a first 
inlet, a second inlet, and an inlet port, said 
inlet port being moveable relative to each 
of said first and second inlets such mat the 
port can be brought into , liquid communi- 
cation with each inlet in turn as required, 
wherein said inlet port accommodates a filter 
means or a binder retaining means. It also 
relates to an instrument, for reading a sam- 
ple presented in an apparatus, comprising a 
microprocessor operable via a key pad, one 
or more light emitters and one or more light 
detectors, a display and driver, an analogue 
to digital converter, and means for connect- 
ing the instrument to a power source. 
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-l- 
DESCRI 

DEVICE AND APPARATUS FOR CONDUCTING AN ASSAY 

The present invention relates to an apparatus, instrument and device for 
conducting an assay. More particularly, it relates to a device suitable for use in 
assaying analytes, for example glycated proteins in biological samples such as, 

for example, blood. 

The percentage of total haemoglobin (Hb) that is glycated is widely 
regarded as an important tool in diabetes management, because it provides an 
indirect measure of the mean blood glucose concentration over me previous 2-3 
months. One of the three main methods available for assaying glycated Hb 
relies on boronate affinity. In this method glycohaemoglobin can be separated 
from non-glycohaemoglobin through condensation of solid-phase 
dihydroxyboronate with the m-diols present on the sugar moieties of 
glycohaemoglobin. This method is specific for all glycohaemoglobins which is 
an advantage over other methods, which rely on separation based on differences 
in net charge. 

However, although the boronate method has certain advantages, it 
remains an assay which requires laboratory facilities and quite complicated 
equipment. In particular, the need to determine the percentage of glycated Hb 
present means that two assay results need to obtained and a comparison made. 
It is the case that rapid diagnostic assays have been developed, and continue to 
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be developed, which make use of "simple" easy to use diagnostic devices, which 
can be used either by a subject in their own home, or by a subject's own doctor 
in the surgery. One example of such a test device is that marketed by Cortecs 
Diagnostics as HEUSAL«ONE-STEP, which is for the detection of H. pylon 
infection. The principle of this device is, however, generally applicable to a 
range of assays. The device consists of two parts, a sample collector and a 
second part containing an assay strip. The collector is used to collect a sample 
(of blood in the case of HELISAL«ONE-STEP) and the collector is then inserted 
into the second part, with which it interconnects, to release the sample to an 
assay strip. The sample travels along the strip through various "zones" which 
contain various reagents, including a coloured label (blue latex particles). If 
antibodies to H. pylori are present then the label concentrates in a detection 
zone. The specifics of this particular assay are not important, however. The 
essential features which are common to this type of assay and which allow its 
use in the home or doctor's surgery are the ease of sample collection and 
handling as well as the simplicity in initiating the reaction and the speed with 
which the result is obtained. Such one-step devices can be utilised in the 
measurement of glycated Hb but only if the assay method can incorporate the 
necessary sample treatment to allow comparison of total protein with glycated 
protein. 

To that end, therefore, we have in a first aspect of the invention devised 
an apparatus which allows rapid, easy sample treatment combined with 
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edibility with a one-step device such as that exemplified b, 

HELISAL«ONB-STEP. 

According to a first aspect the present invention there is provided an 
appamhra, for use in an assay in which a sample is present to an h_, 
conning a firs, hue,, a ^ iniet, and an tale, port, s»d hue. port heing 
^ie relative •» each of s»d firs, and second inle* such tha. tire port can be 
brought inro tiquid conunumeadon with each inlet in turn as requbed, wherein 
^ port accommodates a filter means or a binder retaining means. 

,„ one emboJimen, fire apparah* is adapted «o be used in an assay system 
where some form of particular is added <o a sample which may conuin a 
acectenle analyte, where the particulate is capable of binding me analyre. Thus 
when the SNnple plus particufcte is added «, .he huer port, the p M ticutate, wim 
bonIffl ,»a>yte,isre«i»edbymefil.er. The filter can of course be conaBucted 
„ f anysui.»b.e material. Suitably, i. will be mate of material which is inert in 
terms of.be anriyteete. Also .he -mesh" of the finer must be such Ih* it is 
^eofre^ningparticula^asu^inuaeseparanonaup. Tbemletport 
can ton be moved into aUgnmen. with the secrmd tale. n«ns and one or more 
reagents capabte of interfering whh ** btadtag of me analyte «. the partis 
canbe.dded.ouneinle.port. Tftea^yte (if presem)^. men P^ through 
rhe filter in solution, leaving the particulates behind. 

Thus, tiding tire example of glycated Hb, a sample of blood is treated ti. 
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lyse the blood cells and is then admixed with particulates, eg agarose 01 
cellulose, ,o which is bound phenyl boronate. The teeated sample U men 
ilim duced info me appamms vi, the tole< port, which will have bee. moved tare 
liqoid communication with tire first hue.. The liquid pnrt of the sample, which 
^ non-glycated Hb. will pass Ouough into the body of .he apparabis. 
^ Ure partcula.es. .0 which wilt be bound any glycated Hb. win be retained 
by tire filter means associated wim me tale. port. The inter port can men be 
n^ed in ,„ bquid communication with tite second We. and tire partculaes can 
be cashed with one or more soUable reagenb, <o cause release of the bound 
glycated Hb from the particulates. 

to an alternative approach, tire tofe. port can incorporate means cap*!, 
ofbindiogtiteanalyte. For example, i. could incorporate particmates such as 
toose described above. Thus, in one embodiment the invention provides 
appamms for use in a diagnostic assay, comprising a firs, inler, a second inle. 
,»», an inle. port, said tide, port being moveable relative «o each of said firs, and 
second inlets such .ha. tire port canbe brough. info liquid communication wim 
each inlet in mm as required, wherein said inlet port incorporates binding 
means, capable of binding an analyte which ma, be present to a biologkal 
sample. Such an appartrtus would of course ateo tocorpomte 8<mte nteaos of 
retaining tile binding means to (he inlet port. 

In preferred embodiment of both the above^iescribed aspeos of me 
invention, me apparatus will also incorporate a titird tote., and me inle. port will 
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„ capab.e o, being n»ved berweeu .he three imets as re^. 

will ideally be placed in an intermediate position between the first and second 

m ,o be carried on. prior . treating me binding means to +m *e mt-vte. 
In one embodimem d, appar^ns wiU be gently circular and ^ irde, port 
wfll torn, part of a roratable lop portion of the apparatus. 

to anodter embodiment the tale, port will be stationary and the firs, and 
^ reltfs will rotete Wo communkation wim me tale, port 



As 



described above ore apparan* of dre ptesen. invention allows a 



. ea blood samples, for assaying in 

relatively unskilled operative to Beat samples, eg blooo samp 

systems snch as ma. used lor measuring glycated haemoglobin. 

to a preferred embodiment of me above described aspec* of me 

devices such as those described in WO 97/18036. Thus, meapparahts of the 
preren, invention « be Wanted to *w insertion of one or mote sunpte 
collectors as described in WO 97/18036. !n practice me one or more sample 
eoUaerere will be inserted such that they are in liquid commurecation wire the 
fire, and/or tire second inleti. Thus, in use, a fits, sample collector car, he 
reread such ma, i, is in liquid commumcation with me B rs, inlet. In me case o, 
the firs. .spec, described above, me inte. port will also initial., be in liquid 
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creation tire firs, inlet ** ** ***** *■ »■«"- 

taW por, which win re*in me partial. and an, bound a™**, aflowtag .he 

«, of the sample to pass through for ejection b, the fire, sample coflecm, 

This sanple colleaor can then be removed and inserted Uo a Bat 
instrument as described in WO 97/18036. Tbeinl* port candreo be moved « 
*. inrermediate Wet (if present) and wa* bufler c. be added, flowing .toough 

Tne irde. port cen mem be moved 

^ uquid commumcation with me second tide, and one or more reagems o. be 
,„ dissoeiare me anaiyre from me panics. A second snmple coflecmr 
« ... coueet tire analvre so.ndon for remove and resort*, imo a second one- 
step device. 

Thns, in me case of assays for glycated toemogloMn. the Wo read* 
ohtained can be used «o calcnbre a pereenmge vahre for glycated baemogiobin. 
Convertienfly. dds can be done using a device such as Corte* INST AQU ANT 
^ „hid, has been designed for use with one-step assay devi«s. 

Suitably, the apparams of me invention will be comdructed of a liquid 

impervious material such as plastic. 

Io a more preferred embodiment, the appturdes of me invention is 

M «s am coflected in optical chambm disposed below said firs, and second 
inlets or said first and second inlete are/or include optical chambers. Thus, in 
one emoodimen. me invention provides . apparams for use in a diagaostic 
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assay comprising a first inlet, a second inlet and an inlet port, said inlet port 
being movable relative to each of said first and second inlets such that the port 
can be brought into liquid communication with each inlet in turn as required, 
wherein said first and second inlets are in liquid communication with associated 
optical chambers. 

The apparatus is connectable to an instrument which incorporates means 
for the spectrophotometric measurement of said samples in the optical chambers. 

According to a second aspect of the invention there is provided an 
instrument, for reading a sample presented in an apparatus, comprising a 
microprocessor operable via a key pad, one or more fight emitters and one or 
more light detectors, a display and driver , an analogue to digital converter, and 
means for connecting the instrument to a power source. 

Preferably each optical chamber houses a micro-cuvette and the 
instrument comprises means for measuring the absorbance of the contents of 
each micro-cuvette. Thus, the instrument comprises a LED light source to 
generate electromagnetic radiation at one side of the sample and an associated 
photodiode (PD) for measuring the intensity of transmitted light generated across 
the sample i.e. the instrument measures absorbency. Preferably, the instrument 
comprises one or more LED/PD pairs. In one emb()diment one or more 
LED/PD pairs are arranged such that when the instrument is connected to the 
apparatus one or more LED/PD pairs are disposed across each optical chamber. 
In another embodiment the apparatus and instrument are connected such 
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that one or more LED/PD pairs are positioned such that a reading can be taken 
of a sample in the first optical chamber and then the same one or more LED/PD 
pairs can be moved to read the sample in the second optical chamber. 
Alternatively the optical chambers can be moved relative to the one or more 
LED/PD pairs. 

Producing an instrument with means for the spectrophotometric 
measurement of said samples proved problematic, since it was necessary to 
overcome two conflicting problems, namely that: 

1 . In normal sleep mode, the current drain was only in the order of ix amps, 
and as a consequence was insufficient to prevent a passivation layer from 
building up within the electric cell/battery used to drive the instrument, so 
significant voltage drops occurred when the instrument had not been used for 
some time; and 

2. when running a test, the intermittent loading from the LED' s and 
analogue circuitry was not sufficient to dispose the passivation layer. 

In order to overcome these problems it was necessary to: 

1 . select a lithium thionyl chloride battery; 

2. condition it, 

(Conditioning can be achieved by for example applying a DC Q load for 
24 hours. The skilled man will, however, appreciate that higher loads for 
shorter period are effective); and 

3. regularly switch in a load for a short period of time. 
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In one embodiment a 3.6V lithium tbionyl chloride battery is conditioned 
by applying a 3.3K Q load for 7 to 8 hours before soldering the battery onto the 
main PCB.. This assures that the passivation state of the battery is consistent. 
The processor is controlled to wake every second by switching in a IK Q load 
for 3.5 mS. 

One embodiment of the invention provides an instrument comprising a 
microprocessor operable via a key pad, one or more light emitting diodes 
(LED's) and one or more associated photodiodes, a display and driver, an 
analogue to digital converter, a lithium thionyl chloride battery and a battery 
conditioning circuit. 

The battery is conditioned prior to its incorporation, and soldered, onto a 
printed circuit board. Conditioning reduces internal resistance in the battery 
which would result in inconsistent voltages and readings with unacceptable 
variation. 

Circuitry and software is provided to maintain Ihe battery conditioning 
by repeated discharge of the battery. 

Also circuitry and software control systems that energise the LED's in a 
timed sequence, to permit voltage recovery to stable levels before circuit noise 
readings are taken and the next reading cycle commenced are provided. 

According to a third aspect of the invention there is provided a device 
comprising an apparatus and an instrument of the invention. 

In a particularly favoured embodiment the apparatus of the invention 
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comprises three main components: 

a base portion; a top portion and a funnel portion which serves as the inlet port. 

The top portion is connected to the base portion to form a carousel and 
the funnel portion fits within the top portion such that it can in turn 
communicate with optical chambers present in the base portion. 

The funnel portion has a stem which extends from its centre and serves 
to connect the apparatus to the instrument. The inlet port funnels the sample and 
reagents in turn into the respective inlets of the base portion and has an outlet 
displaced from the centre of the funnel. The outlet is designed to either 
accommodate a filter means or retain a binding means. Preferably a frit sits 
within the outlet supported by, for example, a narrowing of the outlet or a 
flange. The funnel portion further comprises an annular ring which serves as a 
guide member about which the carousel comprising the top portion and base 
portion rotate. The annular ring has a cut away or recessed portion thereby 
allowing tubes, housed vertically in the carousel, to be presented to the user at 
the appropriate times during the assay procedure. Housing the tubes vertically 
reduces the size of the apparatus and reduces packaging costs. An inclined ramp 
disposed on the floor of the instrument upon which the apparatus sits cause 
respective tubes to be lifted through openings in the top portion as the carousel 
is rotated on the instrument. The annular ring thus also functions to retain the 
tubes until they are ready for presentation thus making sure the assay reagents 
are presented in a correct order. 
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The top surface of the top portion, as noted above, comprises a plurality 
of apertures through which respective tubes containing the reagents pass. 

The top portion also has an indicator means, which denotes the position 
for location of the apparatus on the instrument. Preferably, this is in the form of 
a projecting member which assists the operator to turn the apparatus in the 
instrument, and more importantly it can be aligned with markers denoting 
operating positions on the instrument. 

The base portion comprises a guide member of a guide pair, which in use 
co-operate with the other members of the guide pair on the instrument. In a 
preferred embodiment the base portion has on its side a guide member, for 
example, in the form of a projecting member which enables the apparatus to be 
retained and moved in an annular channel in the instrument. The guide member 
also importantly functions to maintain the optical chambers of the apparatus in a 
position such that accurate readings can be taken. The base portion comprises a 
first and second inlet in the form of optical chambers which optical chambers 
can be rotated with the base portion to be in liquid rommunication with the inlet 
port. The optical chambers have a geometry so that the LED's in the instrument 
can be positioned at the centre of curvature. This has the advantage that all rays 
in the horizontal plane will be perpendicular to the walls of the optical chamber 
and should not be subject to refraction. This relaxes rotational location 
tolerances of the apparatus. 

Preferably the optical surfaces of the optical chambers will be recessed to 
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avoid damage on rotation and prevent a risk of them picking up dirt on handling. 

The third inlet which need not be an optical chamber will preferably 
contain a means for drawing the wash liquid through. Such means might 
include an absorbent or wicking material such as, for example, filter paper. 
Other materials such as, for example, acetate based weaves, felts and the like 

could, however, be used. 

Preferably the top and base portions are connected in a manner such that 
used - reagents are sealed therein. This is most conveniently achieved using a 
ring seal between the portions. 

Preferably, the base unit is made of a clear material, although depending 
on the application of the apparatus a tinted or coloured material, preferably 
plastics could be used. Alternatively, an optical filter can be positioned in front 
of the optical chamber and a white light source used. The optical filter is 
preferably a wavelength filter. 

The apparatus is intended to be disposable. 

The apparatus is designed to operate on a ratchet mechanism so that it 
can only be rotated in one direction on the instrument. 

In a particularly favoured embodiment the instrument is run, not from a 
Uthium thionyl chloride battery under the control of a battery conditioning 
circuit but from an external source, for example, a mains source or car battery 
via a transformer. Consequently, the apparatus is provided with a power 
management and monitoring circuit. Preferably the instrument is provided with 



WO 99/28038 PCT/GB98/03S86 

-13- 

a communications system such as, for example, an RS 232 thereby providing 
means for sending and receiving instructions and down loading data. 

The instrument's electronics are housed in a case which is specially 
adapted for use with the apparatus of the invention. It comprises a recess into 
which the apparatus of the invention sits. The recess is defined by a floor, an 
innermost side wall (which is the outer wall of a spigot projecting from the 
floor) and an outermost side wall. The spigot which projects upwards from the 
floor of the recess has a portion which mates with a recess in the stem of the 
funnel portion of the apparatus. Thus, the recess is substantially annular. The 
outermost side wall has a channel member running about its circumference. 
This channel is shaped to accept a guide member projecting from the apparatus. 
This arrangement enables smooth rotation of the apparatus in the instrument and 
importantly assist in aligning me optical chambers of the apparatus with the light 
emitter/light detector arrangement of the instrument. The light emitter/light 
detector arrangement preferably comprises a LED/PD arrangement. TheLED's 
and photodiodes are most preferably arranged such that the reading path of the 
instrument Ues across part of the annular recess. Thus, the innermost and 
outermost side walls are provided with respective windows through which a path 
of light from the LED's to the photodiodes can travel. Most preferably the 
LED's are housed in the outermost wall and the light passes through the optical 
chamber towards the spigot in which the photodiodes are housed. The LED's 
and photodiodes could, however, be arranged the other way around. However, 
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with the former arrangement the convex face of the optical chambers help focus 
the light giving more accurate readings. 

Another feature of the instrument design is a connecting channel running 
from the top surface of the instrument to the circumferential channel member so 
as to allow the guide member of the apparatus to be inserted in a set position. 
Once the apparatus is rotated it is locked in the instrument until it returns to the 
connecting channel from which it can exit. Also, a ramp is provided on the 
floor of the instrument's recess so that when the tubes housed in the apparatus 
contact the ramp as the apparatus is rotated they are lifted presenting them to the 
user. 

The various aspects of the invention will now be described by way of 
example only, with reference to the following figures in which: 

Fig. 1 is a perspective view of an embodiment of the first aspect of the 
present invention. 

Fig. 2 is a block diagram showing the electronics of an instrument of the 
4th aspect of the present invention. 

Fig. 3 is an embodiment of a device of the present invention. 

Fig. 4a is a schematic showing how the device of Fig. 3 is used in an 

assay; 

Fig. 4b is a flow chart showing a protocol for the use of the device 
shown in Fig. 3. 

Fig. 5 is a perspective view of a preferred embodiment of an apparatus of 
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the invention; 

Fig. 6 is a partially sectioned view of the Fig. 5 apparatus; 

Fig. 7 is a perspective view of the base portion of the apparatus of Fig. 5 

and 6. 

Fig. 8 is a perspective view of a preferred embodiment of an instrument 
of the invention for use with the apparatus illustrated in Figs. 5 and 6; and 

Fig. 9 is a perspective view of a preferred device comprising the 
apparatus as illustrated in Figs. 5 and 6 and the instrument as illustrated in Fig. 
8. 

Referring to Fig. 1. the apparatus 1 comprises a base section 2 and a 
rotatable top portion 6. The rotatable top portion 6 itself comprises a handle 
section 8 and an uuet port 9, me ^ ^ 
base section 2 has three inlets 3 , 4 and 5 which are associated with three "O" 
rings 11. A foam pad "sink" 10 is inserted in the middle inlet 4 to collect 
washing buffer. In this embodiment similar foam pad "sinks" 12 and 13 are 
associated with the other inlets 3 and 5. The rotatable top portion 6 is retained 
in place by means of a spring clip 14. Also shown in Fig. 1 are two sample 
collectors 1 5 and 16 which can be inserted into the apparatus 1 by way of 
openings 17 and 18 such that they will be in liquid communication with the 
inlets 3 and 5. 

Thus, in operation, the top portion 6 is first moved to a first position 
where the inlet port 9 is aligned with the first inlet 3. A first sample collector 
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15 is inserted in the first opening 17. The sample plus particulate is then added 
to the inlet port 9, where the particulates will be retained by the filter means 7 
allowing the liquid phase to pass through where it is taken up by the sample 
collector 15. Any excess liquid will be retained by the "sink" 12. 

The top portion 6 is then moved to a second position where the inlet port 
is aligned with the intermediate inlet 4 and wash buffer is added to wash the 
retained particulates. The wash buffer passes through and is retained by the 
"sink" 10. 

The top portion 6 is then moved to a third position where the inlet port 9 
is aligned with the remaining inlet 5. One or more suitable reagents is then 
added to cause the analyte to dissociate from the particulates and pass through 
the filter means 7 to be collected by a second sample collector 16 inserted in the 
apparatus 1 by means of the second opening 18. Each sample collector can be 
removed and assays carried out in accordance with the principles described in 
WO 97/18036. 

According to a fourth aspect of the present invention there is provided 
an assay, conducted using an apparatus of the invention wherein a sample is 
separated into a first component fraction and a second component fraction and 
the assay determines the presence or absence of one or more analytes in said 
sample fractions. 

As described above, the apparatus of the present invention is particularly 
suited to use in assays for glycated proteins such as glycated haemoglobin. 
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Thus, in one embodiment the present invention provides an assay for 
determining the percentage of one or more glycated proteins present in a blood 
sample, which comprises the step of using an apparatus as described herein to 
separate a blood sample into a first component comprising one or more non- 
glycated proteins and a second component comprising one or more glycated 
proteins. 

Preferably, the assay further includes one or more of the following steps: 
(i) obtaining a blood sample from a subject: 

(U) treating the blood sample obtained in (i) to lyse the blood cells; and 
(iii) providing to the sample obtained in(ii) a means for binding glycated 
proteins, for example a solid phase to which is bound one or more reagents 
capable of binding glycated proteins. 

Examples of glycated proteins which can be assayed using this method 
include glycated haemoglobin, glycated human serum albumin and glycated apo 
lipoprotein B. These proteins will be bound by the boronate ligand and so an 
assay can be performed in which all three glycated proteins will be bound to a 
particulate. The component containing all three glycated proteins can then be 
collected and individual assays can be run to determine the relative amounts of 
each gylcated component. Alternatively, a single one-step device could be used 
which had three individual capture zones bearing a reagent specific for each of 
the three glycated proteins. The relative amounts could then be detennined 
using a device such as the INSTAQUANT reader. 
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An apparatus of the present invention can be included in a kit for use in 
an assay for one or more glycated proteins. Thus, in a further aspect the present 
invention provides such a kit comprising an apparatus of the invention and 
optionally one or more sample collectors or one step assay devices or reagents. 
Examples of suitable one-step assay devices include those described in WO 
97/18036, although the skilled person will appreciate that any device designed to 
allow an assay to be carried by simple addition of a sample to an assay strip can 
be used. 

Another major advantage of the apparatus of the present invention results 
from the ability to combine a "chemical" or biological capture or separation 
step, such as the use of the boronate ligand, with an immunoassay or a hand held 
spectrophotometric means. 

According to a fifth aspect of the present invention there is provided a kit 
comprising an apparatus according to the invention and optionally one or more 
sample collectors or one step assay devices or reagents and/or a capillary tube 
and/or an inoculating loop. 

According to a sixth aspect of the present invention there is provided a 
point of care method for the detection of an analyte in a sample which 
comprises: 

(i) separation of the analyte from the sample by the use of chemical or biological 
means; and 

(ii) detection/quantifying the analyte by means of an immunoassay or 
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spectrophotometric means. 

As used herein "chemical" means the use of one or more reagents whose 
interaction with the analyte is primarily chemical and not biological. For 
example, as described herein, a boronate based separation step can be used to 
separate glycated proteins from non-glycated proteins in a sample. Preferably, 
step (i) is achieved using apparatus according to the present invention and step 
(ii) is achieved by means of a one-step assay device. 

In a preferred embodiment the apparatus of Fig. 1 is modified to include 
optical chambers thereby allowing the samples collected to be read 



Preferably the discrete optical chambers house micro cuvettes. By 
measuring the contents absorbance at a given wave length more accurate 
readings, than can be obtained using reflected light, can be obtained. Thus, 
preferably the apparatus is adapted to be connected to an instrument with means 
for measuring the absorbence of the liquid collected in the optical chambers. 
Figure 2 is a block diagram illustrating the essential components of one such 
instrument. 

Thus, the instrument comprises a body housing a micro processor 
powered by a lithium thionyl chloride battery under the control of a battery 
conditioning circuit. Instructions can be transmitted to the micro processor via a 
key pad and information/instructions presented via a liquid crystal display 
powered by a LCD driver. The micro processor controls one or more LED's 
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vrfuch pass light of a given wave long* (420 - 430 nm in the case of an 

to reading glycated haemoglobin) across the optica, chmnberc «Kh 

^absort^Bghlismaas^hyphoUKliaaea. The readings are communicated 
.CheUquidcrysuldiaplayviaan^og^digW converter. A micro switch 
ittemiKS ,h« .he device (»ppar*«s and insmunen.) is activated by the correct 
OTBn ectio»oftite«^teu«ms« n nnen.. A LED/phototransistor pair is 
pMyM «, determtae when the aW"*"* »*> <— disconnected from the 
instrument. 

Hecrronics of the We illustrated in Fig. 2 and continuing software are 
^^aaaninteg^ofthoinsftnmenr. Tbe device manning ftom the 
connection of me apparatus and instrument is iUusteated with reference ro Frg. 
3. TfnK,medevico20con,ris«»n»ppar»trc^^ 
Fig . 1 and an instrument 24 which houses the electronics. 

Apparan^difttoftommeappttatusofFig. 1 in that the We« (which 
correspond to Mets 3, 4 and 5 of Fig. 1) communis wim optical chambers in 
.heoa^oftheappamms. The apparatus and insftumern are crmnected to one 
aoother via respective mating membera such that a or respective 
U^/pnotodiode pairs present in the instrument are situated on either side of toe 
opto, oambe* or can be pte»nted in nam to said respective optic* cbambem 
so enabling absorbance readings to be taken and communicated to the display 26 
provided in instrument 24. A key pad 20 is also provided in instrument 24. 
Tkamptiandba^ofapp^atus 22 are designed to include a chamber 30 to 
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housing one or more components of a kit, for example reagents such as a wash 
solution and/or buffer and/or elution buffer and/or a capillary tube. The 
chamber 30 is shown in its open position in figure 3. 

Referring to Fig. 4 a protocol for operation of the device is as follows: 
(i) A finger-prick blood sample is collected into a capillary tube and placed 
into the sample buffer tube which contains a buffer and an amino phenyl 
boronate (aPBA) agarose affinity matrix. The tube is capped and inverted 
several times, which washes the blood out of the tube and into the buffer where 
the red blood cells are lysed thus liberating the haemoglobin. 
( U ) The tube is left for approximately 60 - 90 seconds, with occasional 
inversion, during which the glycated haemoglobin present in the sample binds to 
the aPBA affinity matrix. 

(«i) During this time, the apparatus 22 which is designed to be disposable, is 
coupled to the instrument 24. The location of the apparatus to the instrument 
activates the on switch. 

(iv) After about 60 - 90 seconds incubation, the contents of the sample buffer 
tube are mixed by repeated inversion and then the entire contents are poured into 
the inlet port which is located in position 1 . 

(v) The liquid contents of the tube drain through a frit or other filter means 
located at the bottom of the first inlet and collect in an optical chamber in the 
bas of the apparatus 22. The aPBA affinity matrix, however, is too large to 
pass through the frit and therefore collects in the column at the bottom of the 
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first inlet. 

( vi) T^n<fMco B ^co^m^f^^-^^'^^ ma - 
gtvsated hemoglobin preset to toe original staple, the aPBA affinity -trix 
,0,,^ to to, bortom of the tote, port 9 contains the g*cated haemoglobin 

present to toe original sample. 

(vii ) On M ,nptetionoflhfefirs,step,toeins B mne^ 

progress to stoge 2. which is accomplished b, torntag toe top part of the 
.pp^ua 22 through 90° ana stopping »« position 2. Again under toe direetom 
fro* the instrument 24 a specific volume of wash buffer is raided to toe inlet 2 
viamla, port 9 and allowed to drain totough. This stop is to remove any noo- 
specfficaHy bound non-g.yca.ed toemoglobin from toe aPBA affinity matrix that 
may be present from step 1. 

(vUi) The insBumen, 24 toendirecto toe user to progress to stag. 3 and addtoe 
^ „, toe elution buffer tube to toe hue, 3 via tale, port 9 which is allowed 
«, drain torough me ft* and collecto into a second optic* chamber in me base of 

araapparatasM. The elution buffer removes toe glycatod hemoglobin ftom 

the aPBA affinity matrix. 

CB) Thetos«»mem24 to^spectopltotomeh^ 

(a, 430nm) of bom toe non-glycated and toe glycatod haemoglobin fractions 

present to me two optical ctambers. Using an algoritom toil, into toe 

ilBtnimMB software, toe * glycatod Haemoglobin present to toe original whole 

blood sample is calculated and displayed on toe display 26. 
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H The apparatus 22 is disconnected from the instrument 24 and is discarded 

aabioharardous waste. The - me. -* - 1— *" — 

More particularly the insttument is comrolled to operate in accordance 
win, the protocol oufltoed with reference * toe flow diagram shown in Fig. 4b. 

The spectrophorometnc measurement of both glycated and non glycated 
haemoglobin fraction occurs at flte interface of to. opdcal chambera of me 
apparatus with the instrument 24 of the device. 

The most preferred apparatus and instrument are illustrated with 
reference to figures 5, 6 and 8 and togefter toey form a device as illustrated in 
Fig. 8 

Referring to Figs. 5 and 6 the apparatos 31 comprises a base section 2 of 
clear puafes (shown in detefl in Fig. 7). a top portion 6 and a fennel portion 32. 
The funnel portion 32 is made of a hydrophobic plastics and has a relatively 
^ aperture ,o simplify emptying of reagems therein. It has an outlet 34 
which directstoe ,^I**«^.^3.-S^*»«--- 
^dtaaninsrtumen,. The ouflet 34 includes a frit (no. shown) which frit 
serves • retein pardcles such as. for example, an amino phenyl boronate 
agarose affinity mate. The funnel 32 which serves as . Met port has . 
a^da, rim 36 wifh. recessed portion 38. The rim 36 partially overlies 

tubes vertically disposed to the apparatus cannot pass through the respective 
ape.mrasuntt.to.apertums.r align* wito me recessed portion 38 of me 
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annular rim. Projecting from the underside of the funnel is a stem 48 witha 
female mating member via which the apparatus 3 1 is connected to the instrument 
24 which has a male member 50 adapted to engage it. The male member 50 
holds the funnel in a fixed position relative to the instrument 24 such that the 
base portion 2 and top portion 6 of the apparatus 3 1 which together form a 
carousel rotate around the funnel . the annular rim 36 of the funnel serving as a 
guide means. 

The base portion 6 of the apparatus is made of a clear plastics, is 
generally annular in shape and is divided into a plurality of compartments. As 
can be seen from Fig. 7 mere are two optical chamber 
4, for receiving waste from a wash step, which third chamber is disposed 
between optical chambers 3 and 5 , and three additional chambers 40' , 42' and 
44' each housing a reagent tube. These chambers 40', 42' and 44', which are 
disposed below apertures 40, 42 and 44 in the top portion 6 of the apparatus 31 , 
are arranged so that the reagent tubes are presented to the user when the 
carousel is in the position corresponding to positions IV, VI and VII per Fig. 4a 
or position 1 , 2 and 3 as per Fig. 4b. The optical chambers have a curved outer 
wall 52 and a curved inner wall 54 of optical quality, which help focus light 
from the LED's of the instrument 24 through the sample in the chamber to 

photodiodes at the other side thereof . 

Each optical chamber 3, 5 can be brought into liquid communication with 
the outlet 34 of the runnel inlet port 9. Alternatively, the optical chambers can 
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berecessed. Extending outwardly ftom the outermost watt 56 of dm las. 
portion 2 is . guide member 58 which site whhin . cirttumferennal channel 
carter 60 formed on the outenuost wall 62 of me ammUrrecea^offhe 
^^24. A communicating channel 66 which extends from the channel 
m ^ m 60 in ourermoa. wall 62 to the too fcce 68 of me inateument 24 allows 
». guide member 58 to be insert* inh> me channel member 60 when me 
apparatus 31 is connected to the instrument 24. 

A projecting member o, Ob 70 on the knurled edge 72 of the top portion 
c acs as an indkator means, denoting the position for locating the apparatua on 

The base portion 2 is connected to the top portion and the funnel portion 
ste in a channel 76 formed b, a step on the top surface 78 of me top portion 6. 
Tbe taamment illustrated in Fig. 8 has been designed for use with an 
as herein before described. In essence it is ve^r simitar to the 
taa.^descriltedmmr.fenntee to figures 2. 3 and 4b. The instntmen. 
Htoamted wfft referee to Ftg. 8 does, however, differ from m* described 
with reference to Ftg 2 in one mtftr way and has a number of novel and 
advantageously beneficial addition* featums. Thus, in contrast to the 
insama * describe wifh reference to Fig. 2 .he lifhium fbionyl chloride battery 
^ battery conditioning circuit is replaced with a power management and 
^mringctoui. so mat tire tasumnem can be connected to. for example, an 
external do supply or a ca, battery. Additionally, the instrument is provided 
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^ , ^cation sysKm such as, for exan.pl., a RS232 .her*, ***** 
^ for sending and receiving tasttuctions and down loading d*». 

Signiflcamly , the means tor receiving foe appamtus is an annular recess 
«4 in foe instrument which is oeflned b, a floor, an ouKrmos, sidewall 62 arm 

an innermost sidewall 80. 

The floor of foe annular recess comprises a ramp 82 on a par. thereof. 
Wrfoin the outermost sidewall 62 of foe annular recess is a channel member 60 
and eaending .herefrom to foe top surfece 68 a connecting channel 66. 

to nse foe apparatus is inserted into foe annular recess 60 by aligning 
^ number 58 of foe apparams * connecting chmmel 66 so .hat the 

is connect to mafe nating member 50 via its ^e mating member 

48. — — 

^ on rotation a firs, mbe is direct up foe ramp 82 and out of to 

^ 44 smce foe recessed portion 38 of foe annular ring 36 is alignedwim 

foeaperture. In mis position me outlet 34 is in liquid communication wifo me 

^ optica, chamber 3 and foe ftsr. sfep of foe assay descrfl* wifo reference to 

F i g s4>and4bcnnbec<mduc«d. By turning foe apparatus through a further 

. ^sh sohrtion U presenfed forough aperture 42 for use mm me. on mrnmg 

foe.ppamms*ou 8 »afurfoer90-.ube40.u*.h^^^ " 

fok r.mner foe approprtam reagems are presenfed for each step of foe aasay 



The apparatus 



and instrument of the invention can be adapted for use in a 
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number of assays. 

In particular the instrument can be modified to read at wavelengths other 
than the 400 to 500 nm, more particularly 410 to 460 nm, range of the blue 
LED employed for measuring glycated haemoglobin. Thus, for example 
coloured light, red, green, yellow etc. LED's or white light and the use of 
optical filters more preferably wavelength filters could be employed. 

Also the apparatus could be modified to make single measurement rather 
than take several readings as exemplified with reference to the assay described 
where a percentage figure is calculated from two readings requiring a separation 
step. Thus, the inlet port and first and second inlets could be replaced by a 
carousel type apparatus carrying one or a plurality of optical chambers. 
The type of assays might, for example, include: 

1. ELISA type assays; 

2. Affinity chromatography assays; and 
3 Chemical analysis of analytes. 

Thus, the wave length spread of the instrument could be adapted to 
meaS ure the two most commonly used ELISA substrates ABTS which is 
measured at 414 nm and TMB which can be measured at 600nm (blue) 
nm (yellow). 

Affinity chromatography assays could be used to determine the presence 
and/or quantify a number of analytes using spectrophotometric analysis by 
selecting the appropriate wavelength. 
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Finally, the technology described could be utilised for field testing of 
a-*»l ana**, Thus, for example, w«er and soil andysis in which nitrrdes 
or sulphas are ca.au** or enzyme actrvtty denned arc envisaged. 

The skilled nun. win appreciate ft* the device of the We described 
^to and its component apparatus and instrument cotdd be used «o me^ure 
tevels of various other analytes in a wide range of samples. 
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1. An apparatus, for use in an assay in which a sample is presented to an 
instrument, comprising a first inlet, a second inlet, and an inlet port, 
said inlet port being moveable relative to each of said first and second inlets 
such that the port can be brought into liquid communication with each inlet in 
turn as required, 

wherein said inlet port accommodates a filter means or a binder retaining 



means. 

2 . An apparatus as claimed in claim 1 wherein the filter means or binder 
retaining means is a frit. 

3 . An apparatus as claimed in claim 1 or 2 wherein said first and second 
inlets are or include optical chambers. 

4 . An apparatus as claimed in any of the preceding claims further 
comprising a third inlet. 

between the first and second inlets, 
or wicking material in said third inlet. 

7. An apparatus as claimed in any of the preceding clatas comprising 
a base portion having a plnrality of chamber toclnding said first and second 
inlet ports, 

a top portion which together with the base portion forms a carousel, and 
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a funnel portion including said inlet port, 

said carousel being rotatably mounted about said fennel portion. 

8 . An apparatus as claimed in claim 7 wherein said funnel portion 
comprises a means for locating it on or in an optical instrument. 

9 . An apparatus as claimed in claims 7 or 8 wherein the funnel portion 
comprises a guide member about which the carousel rotates. 

10 . An grains as claimed in claim 9 wherein the guide member is an 



annular ring. 

11. Anapp»i^. S c^toelaimlO«^fl*ammhrr«*l«ac a . 
away or recessed portion 

12. An^^ascUta^inanyofchimsT^nwiereintoo^is 
adapted ,o house . plummy of tubes in a vertca. posMon and the top portion has 
a plurality of holes «i> »hich the tubes can. in use, exit the apparatus. 

13 . Anappantusasc.ain^inanyofntee.aunsTn.Wwhereh.d.e^P 

portion comprises an indicator means. 

,4. Anapparams^d^mcbunW^heremmemdica^meanstsa 
projecting member. 

15. i**^**^***^ 1 *"*^**** 
portion comprises a guide member of a guide pair, which in use co-operates 
with the other member of the guide pair on the instrument. 

, . . in _ nv of tug oreceding claims wherein the first 

16. An apparatus as claimed m any ot me prewwmB 

and second inlets are optical chambers. 
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17. An apparatus as claimed in any of claims 3 to 16 wherein the optical 

chambers have curved optical surfaces. 

s claimed in any of claims 3 to 17 where the optical 



18. Ani 
chambers are recessed. 

19. An apparatus as claimed in any of claims 7 to 18 when said base portion 
is made of a clear material. 

20. An instrument, for reading a sample presented in an apparatus, 
comprising a microprocessor operable via a key pad, one or more light emitters 
and one or more light detectors, a display and driver , an analogue to digital 
converter, and means for connecting the instrument to a power source. 

21 . An instrument as claimed in claim 20 wherein the one or more light 
emitters are LED's and the one or more light detectors are PD's. 

22. An instrument as claimed in claim 20 or 21 wherein the power source is 
a lithiumthionyl chloride battery under the control of a battery conditioning 

circuit. 

23. An instrument as claimed in claim 20, 21 or 22 which is adapted to 
receive one or more sample collectors. 

24. An instrument as claimed in claim 23 wherein the sample coUector is a 
carousel. 

25. An instrument as claimed in claim 24 wherein said instrument comprises 
a guide member of a guide pair, which in use co-operates with the other member 
of the guide pair present on the apparatus. 
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26. An instrument as claimed in claim 24 comprising a substantially annular 
recess defined by a floor, an innermost side wall and an outermost sidewall, said 
outermost side wall comprising a channel member running about its 

circumference and a connecting channel extending from a top surface of the 

instrument to the channel member. 

27 . An instrument as claimed in claims 26 comprising a ramp on the floor of 
the recess. 

28 . An instrument as claimed in any of claims 20 to 27 comprising one or 
more blue LED's. 

29. An instrument as claimed in claim 20 comprising one or more sources of 
white light. 

30. Anto ,nm^»scIain^u, W ofclaim20to 2 9i^rooo V ^ i u. 
optical filter. 

31. K^cm^~*^ mM * m «'^ l ** W * 
an instrument as claimed in any of claims 20 to 30. 

32. An assay, conducted using an apparatus as claimed in any of claims 1 to 
19, wherein a sample is separated into a first component fraction and a second 
component fraction and the assay determines the presence or absence of one or 
more analytes in said sample fractions. 

33. An assay as claimed in claim 32 wherein the sample is blood andis 
separated into a first component fraction containing one or more non-glycated 
proteins, and a second component fraction containing one or mor glycated 
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proteins. 

34. An assay as claimed in claim 33 wherein the one or more glycated 
proteins are selected from one or more of glycated haemoglobin, glycated 
human serum albumin and glycated apo lipoprotein. 

35. An assay as claimed in any of claims 32 to 34 which further includes one 
or more of the following steps: 

(i) obtaining a blood sample from a subject; 

(ii) treating the blood sample obtained in (i) to lyse the blood cells; and 

(iii) separating the sample into two components using a method which involves 
binding an analyte to a solid phase to obtain a first component fraction and then 
releasing the analyte to obtain the second fraction. 

36. Akit comprising an apparatus as defmed m any one of claims 1 to 19 and 
optionally one or more sample collectors or one step assay devices or reagents 
and/or a capillary tube and/or an inoculating loop. 

37. Apomtofcarememodformedetectionofananalytem 

comprises: 

of the analyte from the sample by the use of chemical or biological 



(i) : 
means ; and 

(ii) detection/quantifying the analyte by means of an immunoassay or 
spectrophotometric means. 

38. A method as claimed in claim 37 wherein the analyte is a glycated protein. 
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